Organic substances are important components of the marine environment as they determine the properties of seawater and the key biogeochemical processes taking place in it. Organic carbon (OC) is a measure of organic matter. For practical purposes, OC is divided into dissolved organic carbon (DOC) and particulate organic carbon (POC). Both DOC and POC play a major role in the carbon cycle, especially in shelf seas like the Baltic, where their concentrations are substantial. In a three-year study (2009)(2010)(2011) seawater samples for DOC and POC measurements were collected from stations located in the Gdańsk Deep, the Gotland Deep and the Bornholm Deep. The accuracy and precision of analysis were satisfactory; the The complete text of the paper is available at http://www.iopan.gda.pl/oceanologia/ 524 A. Maciejewska, J. Pempkowiak recovery was better than 95%, and the relative standard deviation was 4% (n = 5). Concentrations of chlorophyll a, phaeopigment a, salinity, pH and temperature were also measured in the same samples. These parameters were selected as proxies of processes contributing to DOC and POC abundance.
Introduction
The presence in seawater of dissolved and suspended organic substances, treated collectively as organic matter, means that this medium is not just a solution of inorganic salts. Organic matter plays a key role in a variety of natural (physical and biological) processes occurring in the marine environment, especially in shelf seas like the Baltic, where its concentration is substantial (Seager & Slabaugh 2004 , Kuliński & Pempkowiak 2008 . These processes include oxygen depletion, as well as complex formation with both organic and inorganic compounds, which facilitates the downward transport of chemical substances (C, N, P, heavy metals, organic pollutants) in the water column. Organic matter influences the chemical and physical properties of seawater, including the light field and alkalinity (Dera 1992 , Hedges 2002 , Kuliński et al. 2014 .
Aquatic organic matter is commonly divided into particulate organic matter -POM and dissolved organic matter -DOM. Both fractions are important components of the carbon cycle. POM in the marine environment is composed of phytoplankton, zooplankton, bacteria and dead organic material (detritus), while dissolved organic matter comprises molecules of both high and low molecular weight. Both POM and DOM originate from internal and external sources (river run-off, atmosphere, sediments) (Emerson & Hedges 2008 ). Organic matter is most often measured as organic carbon (OC), which makes up some 45% of organic matter (Chester 2003) . In the oceans, the OC concentration is < 1.5 mg dm −3 , but in coastal areas it amounts to as much as 8 mg dm −3 (Hansell 2002 , Gardner et al. 2006 . Like organic matter, organic carbon is for practical purposes divided into two principal fractions: particulate organic carbon (POC) and dissolved organic carbon (DOC). Both fractions can be separated by passing seawater through, for example, 0.4 µm glass-fibre filters.
The POC and DOC concentrations in the Baltic Sea have been a subject of interest for many years (Jurkovskis et al. 1976 , Pempkowiak 1983 , Pempkowiak et al. 1984 , Emelyanov 1995 , Ferrari et al. 1996 , Grzybowski 2003 , Grzybowski & Pempkowiak 2003 , Burska 2005 , Pempkowiak et al. 2006 , Kuliński & Pempkowiak 2008 , Dzierzbicka-Głowacka et al. 2010 , 2011 , Szymczycha et al. 2014 .
Concentrations of DOC and POC in Baltic seawater have been reported to range from 3.2 to 7.7 mgC dm −3 (Jurkovskis et al. 1976 , Grzybowski & Pempkowiak 2003 ) and from 0.1 to 1.4 mgC dm −3 (Burska 2005 ). POC and/or DOC concentrations fluctuate seasonally (Burska 2005) and change vertically (Kuliński & Pempkowiak 2008) . Mathematical modelling indicates that POC and DOC concentrations depend on light, water temperature and nutrient availability (Dzierzbicka-Głowacka et al. 2010 , Almroth-Rosell et al. 2011 , Segar 2012 . Organic substances are exchanged horizontally through the Danish Straits with the North Sea . The OC concentration depends on distance from the land -coastal and estuarine areas are more abundant in organic matter than the open sea (Witek 1997 , HELCOM 2005 . Plankton activity may contribute to large seasonal fluctuations in both POC and DOC (Dzierzbicka-Głowacka et al. 2011) . Although numerous studies have been carried out regarding the organic carbon concentration and its dynamics in Baltic seawater, most factors affecting its spatial and temporal distribution still require quantification. For example, nothing is known about the differences in carbon concentrations in the different sub-basins of the Baltic Sea. As changes in both particulate and dissolved organic matter concentration are to be expected in the near future (DzierzbickaGłowacka et al. 2011) , the acquisition of basic knowledge regarding this important component of seawater is a matter of primary importance.
POC and DOC concentrations in Baltic seawater and the factors impacting on both in seawater were the subject of this study, carried out in the southern Baltic in the period 2009-2011. The following questions were addressed: 1) What is the dynamics of the DOC and POC components in the Baltic Sea? 2) Do the dynamics and concentrations of both components differ in the sub-basins of the Baltic Sea? 3) What factors influence POC and DOC concentrations? The answers obtained are given in this paper.
Material and methods

Study area
One of the largest brackish seas in the world, the Baltic Sea lies between latitude 54 • N and 66 • N and between longitude 10 • E and 30 • E. This inland shelf sea is flanked by the Scandinavian Peninsula in the north and the east, continental Europe in the south and the Danish islands in the west. It is connected with the North Sea by the shallow Danish Straits, and the Kattegat and Skagerrak. The salinity of the surface sea water layer in the Baltic Proper is ca 7.1. This is a consequence of the large freshwater runoff from the catchment area and the limited exchange of water with the North Sea. Other factors contributing to the low salinity are the abundant precipitation and the shallowness of the sea (average depth = 53.2 m). The considerable inflow of nutrients from rivers and the atmosphere makes the Baltic one of the most productive marine ecosystems in the world. Occasional inflows of highly saline water masses from the North Sea lead to water stratification -the halocline lies at a depth of 70 m. The inflows also contribute to a north-eastward decrease in salinity (Hakanson 1991 , Hagström 2001 , Thomas et al. 2003 , HELCOM 2005 , Kuliński & Pempkowiak 2008 , Uścinowicz 2011 .
Baltic Sea water is vertically stratified. The upper layer has a constant salinity of ca 7.1 and the sub-halocline layer a salinity of 15 in the western Bornholm Deep and 10 in the central Gotland Deep. The salinity of the sub-halocline water in the Gdańsk Deep is ca 12. Both water layers are separated at 60-80 m depth by a halocline, which is defined as a water layer in which there is a distinct salinity (and density) gradient. Anoxic conditions, often reported under the halocline, are periodically improved by inflows of the well-oxygenated North Sea water masses (Voipio 1981 , Kouts et al. 1993 , Björck 1995 , HELCOM 2007 , The BACC Author Team 2008 .
The geographical location of the sampling sites
The research work described in this report is focused on three study sites located in the southern Baltic Sea (Figure 1 )
• Bornholm Deep (55 • 10 ′ N; 15 • 53 ′ E). These regions were selected mainly because the water column in each is stratified: a stable halocline separates the water column into an upper, well-oxygenated layer and a sub-halocline, oxygen-deficient water layer.
Moreover, the different hydrological settings of these areas -different distances from estuaries and the North Sea, differences in depths, and varying ranges of water temperature -could influence the POC and DOC concentrations there.
The water column at each site was sampled several times in the period 2009-2011. Weather permitting, water samples were collected from several depths selected according to the salinity profile at the time of sampling. The spatial and temporal coverage of the samplings is presented in Table 1 . There were no cruises in January, February, November and December, so the average DOC and POC concentrations in the non-growing season given in this study may overestimate the actual ones.
Analytical methods
The seawater samples were collected in Niskin bottles during cruises of r/v 'Oceania', r/v 'Aranda' and r/v 'Alkor' between March 2009 and September 2011. The sampling schedule is presented in Table 1 .
The measurements began with temperature and salinity using CTD SeaBird, 911-Plus. Throughout the manuscript salinity is given in Practical Salinity Units [PSU] . The depths of sampled layers were selected on the basis of temperature and salinity profiles. The pH of all the water samples was first measured using a WTW Multi 3400i pH meter. Concentrations of the following water constituents were also analysed: POC and DOC, chlorophyll a and phaeopigment a.
POC and DOC measurements
Seawater (1500 ml) was collected and passed through pre-combusted and pre-weighed MN GF 5 (0.4 µm pore size) glass fibre filters. The filters with the suspended matter were preserved at −20 • C until POC analysis on shore. In the laboratory the filters for POC analysis were dried at 60 • C for 24 h and weighed (0.001 mg accuracy). The filters were then homogenised in a ball mill. Part of each sample was weighed into a tin vessel, acidified with 0.1 ml 2M HCl to remove carbonates, and dried at 90 • C for 24 h. The samples prepared in this way were analysed in a CHN elemental analyser (Flash EA 1112 Series) coupled with an IRMS Delta V Advantage/Conflo IV mass spectrometer using oxidation at 1020 • C, followed by reduction over copper in a furnace at 680 • C. Quality control consisted of regular assessments of accuracy, precision and the analysis of blanks. Accuracy checks were carried out with the following reference materials: acetanilide and Lake Sediment Reference Material LKSD-1 and LKSD-4 (recovery = 97%, n = 5). The precision of POC measurements, given as the relative standard deviation (RSD), was based on the analysis of selected samples and the reference materials; RSD never exceeded 2% (n = 5).
A fraction of the filtered seawater (30 ml) for DOC measurements was immediately placed in a 40 ml glass bottle and acidified with 150 µl conc. HCl to remove carbonates. The samples prepared in this way were stored in a refrigerator at 5 • C until DOC analysis in a HyPerTOC analyser (Thermo Electron Corp.) using UV/persulphate oxidation and nondispersive infrared detection of the evolving CO 2 . Each sample was analysed in triplicate. DOC concentrations were calculated from a calibration curve obtained by analysing potassium hydrogen phthalate dissolved in North Atlantic water (Sargasso Sea, 3000 m depth, Hansell Laboratory, University of Miami) diluted five times with Milli Q water as matrix. All DOC results were corrected for blanks (details of the analytical procedure are given in Kuliński & Pempkowiak (2008) ). Quality control consisted of regular analysis of blanks, as well as accuracy and precision checks, assured by reference material: North Atlantic water obtained from the Hansell Laboratory (recovery = 95%, precision characterised by RSD -4%, n = 5).
Chlorophyll a and phaeopigment a measurements
Some 500 ml of seawater for chlorophyll a and phaeopigment a measurements were passed through MN GF 5 (0.4 µm pore size) glass fibre filters (immediately after collection) and the filters deep frozen at −80 • C until analysis. In the laboratory, before the spectrophotometric analysis, samples were extracted using 90% acetone according to the procedure developed by Parsons (1966) . Chlorophyll a and phaeopigment a concentrations were calculated using the Lorentz (1967) formulas.
Results
DOC and POC concentrations in the study areas (geographical and vertical variabilities)
The DOC [mg dm −3 ] and POC [mg dm −3 ] concentrations in four vertical layers are summarised in Table 2 .
Four vertical layers were selected based on the downward salinity changes in the seawater column ( Figure 2 ): surface layer (low salinity), subsurface layer (low salinity), halocline water layer (salinity gradient) and sub-halocline water layer (the highest salinity).
The highest concentrations of both POC and DOC were measured in the surface layer and the halocline layer ( Table 2 ). The former layer contains well-mixed and well-oxygenated water, in which the intensity of phytoplankton activity is at its highest (Stedmon et al. 2007 ). The halocline layer is characterised by a salinity and density gradient, where the increasing density slows down the sedimentation rate of organic-rich suspended matter. The lowest concentrations of organic carbon were measured in the subhalocline layer, below 80 m, where the former North Sea water persists. The North Sea water has much lower DOC and POC concentrations than Baltic Sea water . The concentrations of both DOC and POC in the successive layers at the study sites varied in broad, overlapping ranges, whereas the average concentrations were most often different. To establish the statistical significance of the differences, ANOVA (the Kruskal-Wallis test) was performed. It was assumed that if p < 0.05 (p < 0.05) the differences were statistically significant. The results show that the average concentrations of both DOC (p = 0.002) and POC (p = 0.007) in the three study areas differ in a statistically significant manner (Table 3) . Thus, it may be concluded that statistically significant geographical differences of both DOC and POC concentrations occur in the vertical profile.
Strangely enough, there are no statistically significant differences of either DOC or POC concentrations in the surface water layers of the investigated areas (Table 3 ; DOC: p = 0.078, POC: p = 0.169). This may be an artifact caused by the timing of sampling and/or of primary productivity, a recognised source of DOC and POC. The average concentration recorded in the Gotland Deep (Table 2) is clearly lower than in the Gdańsk and Bornholm Deeps. This can be attributed to the different geographical positions of the deeps: the Gotland Deep lies far away from the estuaries of big rivers. Thus, phytoplankton activity, supported by nutrients discharged from land, is less intensive there. Phytoplankton activity is thought to be an important source of organic carbon to seawater (Kuliński & Pempkowiak 2008) . The results from the sub-surface layer show that there is a statistically significant difference (p = 0.001) only in DOC concentrations, in contrast to the results from the halocline (p = 0.001) and the deep water (p = 0.001) layers, where only the difference in POC concentrations is statistically significant, probably because of the differing density gradient (halocline) or the reduced sedimentation rate of organic particles (deep-water layer). There are also pronounced, statistically significant differences between the three study areas in the growing season (April-October) (Table 3 ; DOC: p = 0.003, POC: p = 0.020), unlike the results in the non-growing season (DOC: p = 0.285, POC: p = 0.403).
It follows from the statistical evaluation that there are both horizontal (geographical) and vertical (in the water column) differences in DOC and POC concentrations in the Baltic Proper. It must be borne in mind that the average carbon levels at a given location and in a given layer are based on a number of results collected in different years and seasons. Therefore, dependences of carbon concentrations on depth in the study areas better represent the actual distribution of organic matter. Relevant examples are presented in Figure 3. 
Vertical variability of DOC and POC concentrations
The DOC and POC profiles show a steady decrease in concentrations from the surface to the sub-halocline water layer. The highest levels of both DOC and POC in the surface layer are caused by intensive primary production. The POC concentration peaks at 60 m depth (Gdańsk Deep and Gotland Deep, Figure 3b ) are caused by the density gradient in the halocline; organic-rich suspended matter falls at a slower rate in this layer, hence the higher POC concentrations there. Just above the bottom the DOC concentration increases slightly (Gdańsk Deep, Figure 3a ). This may be caused by decomposition of POC residing on the sediment surface (Pempkowiak et al. 1984 , Leipe et al. 2011 , and/or by the diffusion of DOC from interstitial water . The highest concentration of DOC recorded in the vertical profile of the Gdańsk Deep, may be due to the proximity of the Vistula river mouth. The highest POC concentration in the surface layer over the Gotland Deep can be attributed to the very recent phytoplankton bloom. The result is substantiated by the DOC concentrations that are still rather low there and the steep downward gradient of POC concentrations.
Seasonal variability of DOC and POC concentrations
The seasonal average (growing and non-growing seasons) DOC and POC concentrations are presented in Table 4 .
Concentrations of both DOC and POC in the growing season are much higher than in the non-growing season at each of the sampling stations. This can be attributed to intensive primary production caused by high phytoplankton activity related to high concentrations of nutrients from different sources (river run-off and atmospheric deposition), elevated temperature and abundant solar radiation (Stedmon et al. 2007 , Segar 2012 , Maric et al. 2013 ) This is in agreement with the results of earlier studies indicating phytoplankton as the most important source of organic carbon in seawater (Hagström et al. 2001 , Dzierzbicka-Głowacka et al. 2010 . Other factors may also influence DOC and POC concentrations. These include the sloppy feeding of zooplankton or river runoff (Kuliński & Pempkowiak 2008) . The lowest average concentration of DOC and POC noted in the Gotland Deep in the growing season (compared to the Gdańsk Deep and the Bornholm Deep) may be due to the already mentioned different geographical position (northernmost) leading to a later start of the growing season. The differences between the study areas proved to be statistically significant in the growing period (Table 3 ; DOC: p = 0.003, POC: p = 0.02), in contrast to the non-growing period, when the differences were statistically insignificant (DOC: p = 0.285 > 0.05, POC: p = 0.403 > 0.05). This substantiates the overall conclusion that a pool of resistant organic substances occurs in the southern Baltic (average values for non-growing season are: surface DOC ∼ 4.4 mg dm −3 , sub-halocline DOC ∼ 3.7 mg dm −3 ; surface POC ∼ 0.3 mg dm −3 , sub-halocline POC ∼ 0.1 mg dm −3 ) throughout the year. In the growing season fresh, labile organic matter is supplied to the system. This increases concentrations of organic matter (average values for the growing season are: surface DOC ∼ 5.0 mg dm −3 ; sub-halocline DOC ∼ 4.1 mg dm −3 ; surface POC ∼ 0.9 mg dm −3 , subsurface POC ∼ 0.2 mg dm −3 ) with labile substances (Table 4) . As soon as the supply is terminated, the labile organic matter is mineralised. This leaves the pool of resistant organic matter in the period late November-mid-April. Then the cycle commences again.
The seasonal dynamics of both DOC and POC concentrations (based on Gdańsk Deep results) is quite well developed, as can be seen in Figure 4 . DOC and POC profiles (Figure 4) indicate (in the surface layer): residual (DOC: 3.4 mg dm −3 ; POC: 0.1 mg dm −3 ) concentrations in March; the highest concentrations (close to 6.5 mg dm −3 -DOC; and 1 mg dm −3 -POC) in May and again smaller concentrations (DOC: 4.5 mg dm −3 ; POC: 0.2 mg dm −3 ) in October. The March vertical DOC and POC profiles show the smallest concentrations and almost no vertical gradient. This can be attributed to the lack of biological activity (the temperature at the time of sampling was in the range 3-5 • C). Stable concentrations in the surface water layer can be explained as resulting from intensive vertical mixing, while low concentrations in the sub-halocline layer can be explained by small DOC and POC concentrations in the North Sea water that had entered the Baltic and had formed the dense, sub-halocline water layer , Maar 2011 ). DOC and POC concentrations in May are much larger throughout the water profile, with high concentrations in the surface layer caused by phytoplankton activity and freshwater runoff rich in organic matter. The increase of both DOC and POC concentrations between March and May clearly shows that the fresh dissolved and suspended organic matter, originating from biological activity and river runoff, substantially increase DOC and POC concentrations. concentrations from May to October and from the surface downwards to the bottom are the result of decreased phytoplankton activity -the dominant source of organic carbon in seawater (Hagström et al. 2001) . Similar profiles and dependences that lead to the same conclusions were observed in the Gotland Deep and the Bornholm Deep.
Obviously, there are numerous factors that influence the intensity and timing of carbon sources and sinks in the course of a year. Thus, it is difficult to expect seasonal fluctuations of both DOC and POC that begin and terminate precisely at the same time. This variability is illustrated by the data presented in Figure 5 . Nevertheless, the strong seasonal dependence of carbon concentrations is evident. Seasonal changes are best developed in the case of POC concentrations in the surface water layer ( Figure 5 ). Few changes are observed in the sub-halocline layer. This can be attributed to the bloom of phytoplankton. Seasonal changes are also clearly evident in the dependence of DOC concentration on time in the course of a year ( Figure 5 ). In the non-growing season, DOC concentrations do not exceed 3.5 mg dm −3 while in the growing season they reach as much as 8.2 mg dm −3 . This supports the conclusion that here are two pools of dissolved organic substances, labile and resistant to biochemical oxidation. The labile fraction of DOC is supplied to seawater in the period of intensive primary production, whereas the stable form persists in seawater throughout the year.
Fluctuations of DOC and POC in Baltic seawater were reported by Jurkovskis et al. (1976) , Pempkowiak et al. (1984) , Grzybowski & Pempkowiak (2003) , Burska (2005) and Woźniak (2014) , while Kuliński & Pempkowiak (2008) suggested the existence of two DOC fractions of varying biochemical stability.
Factors influencing DOC and POC concentrations
It has been speculated throughout this text that both DOC and POC concentrations are influenced by the activity of plankton. The idea is firmly established in the literature (Thomas & Schneider 1999 , Hagström et al. 2001 , Stoń et al. 2002 , Doney et al. 2003 , Sarmiento & Gruber 2006 , Segar 2012 . Also zooplankton can influence organic carbon concentrations in seawater (Dzierzbicka-Głowacka et al. 2011) . The abundance of plankton can be approximated by proxies: chlorophyll a, phaeopigment a (Bianchi et al. 1996 , Meyer-Harms & von Bodungen 1997 , Wasmund & Uhlig 2003 , Collos et al. 2005 , while the phytoplankton activity influences the pH of seawater (Edman & Omstedt 2013) .
To find answers to questions regarding the factors influencing POC and DOC concentrations, chlorophyll a (Chl a) and phaeopigment a (Feo) concentrations, pH and temperature of seawater were measured simultaneously with DOC and POC. The measured water properties were used as proxies of phytoplankton abundance (Chl a), photosynthetic activity (Voipio 1981 , Omstedt & Axel 2003 , Schneider et al. 2003 , Kuliński & Pempkowiak 2008 The relationships between the concentrations of DOC and POC are presented in Figure 6 . They are characterised by a coefficient of determination R 2 = 0.61, which gives a coefficient of correlation R = 0.78. This strong correlation can be attributed to the composition of POM, comprising both phyto-and zooplankton -direct sources of DOC, and to the bacterial disintegration of detritus (Hoikkala et al. 2012) , also a component of POM (Dzierzbicka-Głowacka et al. 2011) .
The relationships between DOC and POC and the other individual factors -chlorophyll a, phaeopigment a, pH and temperature (combined results for the Gdańsk, Gotland and Bornholm Deeps) -are presented in Figures 7 and 8 for DOC and POC respectively.
The dependences were approximated by linear equations. The slope coefficients and coefficients of determination (R 2 ) are listed in Table 5 .
Statistically significant correlations between DOC and chlorophyll a (the measure of phytoplankton biomass) indicates that the concentration of DOC depends closely on phytoplankton abundance. The dependence between DOC and phaeopigment a (here used as a measure of phytoplankton Figure 6 , where DOC changes from 2.73 to 8.24 mg dm −3 and POC changes from 0.05 to 1.40 mg dm −3 ) on the assumption that the given properties change by one unit (1 mg dm −3 POC, 1 mg m −3 Chl a, 1 mg m
Feo, 1 pH and 1 • C Temp). * Growing season. * * Non-growing season. mortality caused by zooplankton grazing, see Kuliński & Pempkowiak 2008) shows a positive correlation but one that is not as strong as in the case of chlorophyll a. It is interesting to see a strong correlation (R = 0.80) between DOC and pH. This could have been due to CO 2 absorption in the course of photosynthesis, the subsequent decrease in the CO 2 concentration and the increase in pH (Wåhlström et al. 2012 ). Thus, a higher phytoplankton activity causes a lower CO 2 concentration in seawater and a higher pH (IPPC 2007) . Figure 7 presents relationships between DOC and chlorophyll a (Chl a), phaeopigment a (Feo), pH (pH) and temperature (Temp). The following coefficients of determination for the linear dependence were established: R 2 = 0.61 (Chl a), R 2 = 0.54 (Feo), R 2 = 0.64 (pH), R 2 = 0.67 (Temp). The determination coefficients between DOC and the listed water properties indicate a strong relation between the variables. This shows the important role of phytoplankton biomass (Chl a as the index of phytoplankton biomass), phytoplankton activity (pH as the index of the photosynthetic phytoplankton activity), zooplankton (Feo as the index of zooplankton grazing) and season (Temp as the index of season) in the process of organic carbon pool formation in seawater. As temperature increases, the activities of phyto-and zooplankton increase as well.
The dependences of POC concentrations on the measured properties of seawater are presented in Figure 8 . The relationship between POC and chlorophyll a is characterised by a high determination coefficient (R 2 = 0.81, Figure 8a ). This highly statistically significant correlation is comprehensible and easily explained. POC is composed of phytoplankton, zooplankton and detritus -mainly of phytoplankton (Dzierzbicka-Głowacka et al. 2010) . Chlorophyll a is a measure of phytoplankton biomass. A good correlation also occurs between POC and phaeopigment a. Phaeopigment a as a proxy of zooplankton activity is also indicative of POC. The satisfactory correlation between POC and pH can be explained in the same way as the proportion pH = f(DOC). Contributing to POC concentrations, phytoplankton influences the pH in the same way as DOC does. The relationship between temperature and POC (Figure 8d ) is presented separately for samples from the growing and non-growing seasons. The 'growing season' dependence is much steeper than the results for the 'nongrowing season'. This again supports the importance of plankton in organic matter pool formation. With the onset of the growing season, phytoand zooplankton activities increase. This indicates that the excretion of organic substances from living cells exceeds the biogeochemical degradation of organic matter in seawater. The former takes place during blooms, while the latter in both the growing and non-growing periods.
Slope coefficients of linear dependences (Figures 6, 7, 8) were used (Table 5) to characterise further the relations between the individual environmental factors (Chl a, Feo, pH, Temp) and the DOC and POC concentrations. Each slope coefficient indicates a change in DOC/POC concentration [mg dm −3 ] when the given property changes by one unit (1 • C, 1 mg m −3 Chl a, 1 mg m −3 Feo, 1 pH). The results, also given as the percentage increase of DOC and POC, show that each of the environmental factors influences DOC and POC concentrations to a different extent (Table 5) . Thus, when Chl a, Feo, pH and Temp change by one unit, the DOC concentration increase is equal to 18% (Chl a), 27% (Feo), 22% and (pH), 5% (Temp). In the case of the POC concentration, the increase of Chl a, Feo, pH and Temp by one unit causes POC to increase by 6% (Chl a), 18% (Feo), 37% (pH), 22% (Temp, growing season) and 12.5% (Temp, non-growing season). The highest increase ion DOC concentration was due to a 1 mg dm −3 increase in POC concentration (59%). The largest increase in POC was related to pH increase (37% per unit).
Discussion
The Baltic is still a poorly investigated sea with respect to DOC and POC concentrations. A comparison of DOC and POC concentrations from this study (separately for the growing and non-growing seasons) with literature data is given in Table 6 .
The low concentrations of DOC (2.4-3.8 mg dm −3 ) reported in this study are characteristic of the sub-halocline water layer for the non-growing period. The high concentrations (6.0-8.2 mg dm −3 ) are characteristic of the short periods associated with the late spring algal blooms. Apart from this, the DOC concentrations in the surface water layer range from 3.6 mg dm −3 (non-growing season) to 5.0 mg dm −3 (growing season). As far as POC is concerned, the extreme concentrations are 0.05 mg dm −3 (sub-halocline/non-growing season), and 1.4 mg dm −3 (surface/late spring), while typical concentrations range from 0.2 to 0.6 mg dm −3 . The concentrations reported in this study differ considerably from those reported in the literature. For one thing, concentrations < 3.2 mg dm −3 (DOC) and 0.1 mg dm −3 (POC) have not been reported so far, most likely because the sub-halocline water layer in the non-growing season has never yet been sampled. Moreover, the average concentrations are substantially lower than those reported in the literature, except for the concentrations measured by Kuliński & Pempkowiak (2008) . This can be attributed to incidental sampling during the course of individual, one-two week long cruises that most often took place in spring or summer. Thus the DOC and POC concentrations typical of offshore Baltic water and the dynamics of the concentrations are better characterised thanks to the data presented here. This is an important outcome of the study, as both the water properties and the intensity of processes occurring there depend on the organic matter concentrations. In this study, several questions were answered: 1) What is the dynamics of both carbon components in the Baltic Sea? 2) Do the dynamics and concentrations of both carbon pools differ in different regions of the southern Baltic Sea? 3) What factors influence POC and DOC concentrations?
The highest fluctuations of DOC and POC occurred in the growing period (spring/summer) in the surface water layer. Concentrations changed rapidly during a year. This is attributed to DOC and POC concentrations strongly depending on recurrent intensive phytoplankton blooms (Dunalska et al. 2012 , Gustafsson et al. 2013 .
The most characteristic feature of both DOC and POC concentrations in the Baltic are distinct seasonal fluctuations. Best developed in the surface water layer, they are caused by phytoplankton activity in the growing period that exceeds microbiological degradation/mineralisation. Surprisingly enough, seasonal dynamics is evident in both the subsurface (above the halocline) and the sub-halocline water layers. This can be attributed to particulate organic matter sinking (POC source) and biodegradation (DOC source) (Amann et al. 2012) . As phytoplankton activity ceases in late autumn, the supply of fresh, labile DOC and POC stops as well, and constant DOC concentrations (biochemically stable DOC) and residual POC are observed from then on until the resumption of biological activity in April of the following year.
The importance of phytoplankton in developing pools of DOC and POC in Baltic seawater is best indicated by the high correlation coefficients (R = 0.8) of the linear dependences DOC = f (pH) and POC = f (Chl a) (R = 0.9) ( Table 5 ). The abundance of dissolved organic substances in seawater depends on the POC concentration, water temperature and the intensity of photosynthesis. The last-mentioned process is responsible for CO 2 depletion in seawater, which governs the seawater pH (Omstedt et al. 2014) . The chlorophyll a concentration, used in this study as a measure of living phytoplankton biomass (Wasmund & Uhlig 2003 , Granskog et al. 2005 , demonstrated that phytoplankton must be the main source of POC in Baltic seawater.
Hence, the natural variability of DOC and POC concentrations and its large fluctuations can be attributed to the main processes, namely, phytoplankton and zooplankton activities, bacterial decomposition and mineralisation of organic matter, and the contribution of fresh (river runoff) and highly saline (North Sea inflows) water masses. We can therefore conclude that organic matter in Baltic seawater, and most likely in seawater in general, consists of two fractions -labile and stable -with respect to biochemical degradation and mineralisation. Labile organic matter is for the most part supplied in the course of primary production, while the stable matter is carried to sea with the river-runoff and as the non-mineralisable residue of the labile fraction.
